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Description
Field
[0001] The presentinvention relates to an optical wire-

less communication device.
Background

[0002] Optical wireless communication can offer ad-
vantages over conventional radio frequency (RF) wire-
less communication, and has been implemented using
a variety of devices. In optical wireless communication
systems, line of sight (LoS) communication is generally
required for reliable signal detection. A field of view of
the transmitter and/orreceiver may be limited for practical
considerations. Such a limited field of view may cause
loss of a signal between two devices in some circum-
stances. This is of particular importance when optical
wireless communication is implemented in a mobile de-
vice.

Summary

[0003] According to a first aspect, there is provided a
mobile device comprising a plurality of transmitters and
receivers, each configured for optical wireless commu-
nication, wherein the plurality of transmitters and/or re-
ceivers are arranged on at least three surfaces of the
mobile device such that each of the three surfaces has
arespective at least one of the transmitters and/or each
of the three surfaces has a respective at least one of the
receivers.

[0004] The at least three different surfaces may com-
prise two opposing surfaces and a surface that is sub-
stantially orthogonal to the two opposing surfaces.
[0005] The plurality of transmitters and/or receivers
may be arranged so that each transmitter and/or each
receiver has a different field of view.

[0006] The plurality of transmitters may be arranged
to have a combined field of view of at least 180 degrees,
optionally at least 270 degrees, optionally at least 360
degrees. The plurality of receivers may be arranged to
have a combined field of view of at least 180 degrees,
optionally at least 270 degrees, optionally at least 360
degrees.

[0007] Afield of view of at least one of the transmitters
may be substantially orthogonal to a field of view of at
least one other of the transmitters.

[0008] A field of view of at least one of the receivers
may be substantially orthogonal to the field of view of at
least one other of the receivers.

[0009] Thedevice mayfurther comprise aflexible print-
ed circuit board, wherein at least some of the plurality of
transmitters and/or plurality of receivers are provided on
the flexible printed circuit board.

[0010] The device may further comprise at least one
light barrier between at least one of the transmitters
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and/orreceivers and at least one other of the transmitters
and/or receivers.

[0011] The at least one light barrier may comprise at
least one light barrier between at least one of the trans-
mitters and at least one other of the transmitters, and/or
at least one light barrier between at least one of the re-
ceivers and at least one other of the receivers.

[0012] The device may be configured to communicate
using a further communication protocol in addition to op-
tical wireless communication.

[0013] The further communication protocol may com-
prise at least one of: a radio-frequency communication
protocol, wireless mobile telecommunication, Wi-Fi, glo-
bal positioning system, short message service, multime-
dia message service, Ethernet connection.

[0014] The device may comprise at least one of: a
smartphone, a mobile telephone, a tablet, a laptop or
other communication and/or computing device.

[0015] The device may further comprise a processing
resource configured to control an optical wireless com-
munication transmission or reception process.

[0016] The processing resource may be configured to
select one or more of the transmitters for use in the trans-
mission process and/or to selectively control an output
power of each of the transmitters in the transmission
process, in dependence on one or more of received sig-
nal strength, received signal quality, position of the mo-
bile device, orientation of the mobile device.

[0017] The processing resource may be configured to
selectone or more of the receivers for use in the reception
process or to selectively process received signals from
the receivers, in dependence on one or more of received
signal strength, received signal quality, position of the
mobile device, orientation of the mobile device.

[0018] The plurality of transmitters and receivers may
comprise a plurality of transmitter and receiver pairs.
Each receiver may comprise at least one photodiode.
Each receiver may comprise a plurality of photodiodes
arranged in an array. Each transmitter may comprise at
least one light emitting diode. Each transmitter may com-
prise a plurality of light emitting diodes arranged in an
array. The transmitter and receiver pairs may be mounted
in a transceiver enclosure.

[0019] Each transmitter and/or receiver may have an
associated optical component for directing light to and/or
from the associated transmitter and/or receiver.

[0020] Each of the transmitters may be configured to
modulate light at a modulation frequency between 1 Hz
and 10 THz, optionally between 1 kHz and 100 GHz,
further optionally between 100 kHz and 10 GHz.

[0021] The device may further comprise an orientable
member, wherein the orientable member comprises at
least one of the receivers and/or wherein the orientable
member comprises at least one of the transmitters. The
device may further comprise a rotation mechanism op-
erable to provide rotation of the orientable member rel-
ative to the mobile device about a rotation axis and, op-
tionally, to maintain the orientable member in a rotated
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position following completion of said rotation.

[0022] The rotation axis may be substantially parallel
to at least one of the at least three surfaces, and/or sub-
stantially orthogonal to at least one of the at least three
surfaces.

[0023] The rotation mechanism may be configured
such that the orientable member is rotatable around said
rotation axis by at least 90 degrees.

[0024] The rotation mechanism may be operable to
provide rotation of at least part of the orientable member
relative to the mobile device with respect to the rotation
axis and with respect to a further rotation axis orthogonal
to said rotation axis.

[0025] The orientable member may comprise a first
portion and a second portion, and the second portion
may be orientable relative to the first portion.

[0026] The first portion of the orientable member may
be rotatably coupled to the second portion of the orient-
able member.

[0027] The first portion of the orientable member may
be orientable by rotation relative to the connector mem-
ber about a first axis by a first range of angles and the
second portion of the orientable member is orientable by
rotation relative to the first portion about a second axis
by a second range of angles.

[0028] The first axis may be substantially orthogonal
to the second axis or the first axis is substantially parallel
to the second axis.

[0029] Thefirstand second axes may be collinearsuch
that the second portion is operable to rotate about an
angle equal to the sum of the first angle and the second
angle.

[0030] Orientation of the orientable member may com-
prise rotation of the first portion and rotation of the second
portion.

[0031] At least one the plurality of the transmitters
and/or receivers may be provided on the first portion and
at least one of the plurality of the transmitters and/or re-
ceivers is provided on the second portion.

[0032] The orientable member may be manually ori-
entable by a user.

[0033] The device may further comprise a drive ar-
rangementoperable to orientthe orientable member. The
drive arrangement may be electrically, magnetically
and/or electro-magnetically powered.

[0034] The device may further comprise an indicator
for indicating signal strength of signals received at the
receiver and/or transmitted by the transmitter.

[0035] The indicator may comprise a visual indicator,
for example, a light or a display.

[0036] The indicator may be configured to provide an
indication signal in response to signal strength being
greater than or equal to a threshold value.

[0037] The device may further comprise a controller
configured automatically to control orientation of the ori-
entable member.

[0038] The controller is configured to control orienta-
tion of the orientable member based on at least one of:
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a) signal strength of at least one signal received at
the receiver or transmitted by the transmitter;

b) a control signal received from a further device or
at least one additional device;

c) ameasurement of orientation of the orientable de-
vice and/or the further device and/or a measurement
of relative orientation of the orientable device and
the further device.

[0039] In a further aspect of the invention, which may
be provided independently, there is provided a method
of adapting a mobile device for optical wireless commu-
nication comprising installing a plurality of transmitters
and receivers, each configured for optical wireless com-
munication, wherein the installing of the plurality of trans-
mitters and/or receivers comprises arranging the plurality
of transmitters and/or receivers on atleast three surfaces
of the mobile device such that each of the three surfaces
has a respective at least one of the transmitters and/or
each of the three surfaces has a respective at least one
of the receivers.

[0040] In another aspectthere is provided a method of
operating a device as claimed or described herein to pro-
vide optical wireless communication, comprising at least
one of a) and b):

a) selecting one or more of the transmitters for use
in an optical wireless transmission process and/or
selectively controlling an output power of each of the
transmitters, in dependence on one or more of re-
ceived signal strength, received signal quality, posi-
tion of the mobile device, orientation of the mobile
device;

b) selecting one or more of the receivers for use in
an optical wireless reception process or selectively
processing received optical wireless signals from the
receivers, in dependence on one or more of received
signal strength, received signal quality, position of
the mobile device, orientation of the mobile device.

[0041] In a further aspect, which may be provided in-
dependently, there is provided a mobile device compris-
ing: a plurality of transmitters and receivers, each con-
figured for optical wireless communication, an orientable
member, wherein the orientable member comprises at
least one of the receivers and/or wherein the orientable
member comprises at least one of the transmitters. The
mobile device may further comprise a rotation mecha-
nism operable to provide rotation of the orientable mem-
ber relative to the mobile device about a rotation axis and
to maintain the orientable member in a rotated position
following completion of said rotation.

[0042] In a further aspect, which may be provided in-
dependently, there is provided a wireless optical com-
munication connector device comprising: at least one of
a transmitter configured for optical wireless communica-
tion and a receiver configured for optical wireless com-
munication, wherein at least one of the transmitter or re-
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ceiver is configured for optical wireless communication
using visible light; a connector member comprising a
male or female connector for detachable insertion into a
corresponding female or male connector to provide a da-
ta interface between the device and a further device; an
orientable member comprising at least one of the trans-
mitter and the receiver; a rotation mechanism operable
to provide rotation of the orientable member relative to
the connector about a rotation axis and to maintain the
orientable member in a rotated position following com-
pletion of said rotation.

[0043] Features in one aspect may be applied as fea-
tures in any other aspect in any suitable combination.
For example, device features may be applied as method
features and vice versa.

Brief Description of the Drawings

[0044] Various aspects of the invention will now be de-
scribed by way of example only, and with reference to
the accompanying drawings, of which:

Figure 1 is a block diagram of a wireless optical com-
munication system;

Figures 2(a) and 2(b) are schematic diagrams of a
mobile device, in a first orientation, communicating
with a remote device using optical wireless commu-
nication;

Figure 3 is a schematic diagram of the mobile device;
Figure 4 shows three perspectives of a mobile de-
vice, and

Figures 5(a) and 5(b) are schematic diagrams of a
transceiver array.

Figure 6 is a schematic diagram of the mobile device,
in a second orientation, communicating with the re-
mote device using optical wireless communication;
Figure 7 shows a flowchart of an example process
for controlling transmission of optical signals; and
Figure 8 is a schematic diagram of a mobile device
according to a further embodiment.

Detailed Description of the Drawings

[0045] The term light as used herein may refer to elec-
tromagnetic waves with wavelengths in a range 1 nm to
2500 nm. Light may include ultraviolet, visible light and
near-infrared electromagnetic radiation.

[0046] Figure 1is a schematic block diagram illustrat-
ing principles of optical wireless communication accord-
ing to embodiments. A transmitter 10 is configured to
send a wireless optical signal in which information is en-
coded through an optical communication channel 12 to
a receiver 14. The optical communication channel 12
may be a free-space communication channel.

[0047] The transmitter 10 includes a light emitting di-
ode (LED), or other suitable light source, and an associ-
ated driving circuit to drive the LED to produce the optical
signal. The associated driving circuitry includes a digital
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to analogue convertor configured to provide a modulation
signal atafrequency characteristic of an optical light com-
munication signal. A further processor (not shown) mod-
ulates data onto a drive current and the driving circuitry
provides the drive current to the LED. The LED then pro-
duces an outgoing modulated optical wireless commu-
nication signal that carries the data.

[0048] Thereceiver14includes aphoto-diode, or other
suitable light detector, with associated circuitry to condi-
tion any received signal. The photo-diode converts re-
ceived light to an electronic signal which is then condi-
tioned by the conditioning circuitry. Conditioning may in-
clude one or more filter steps; amplification of a weak
electrical signal; equalisation of received signals and
converting the analogue signals into digital signals using
an analogue to digital convertor. The digital signals can
then be provided to a further processor to be demodu-
lated to extract communication data.

[0049] Any suitable modulation scheme may be used,
for example non on-off keying modulation schemes are
used in some embodiments, and the demodulation is a
demodulation from the non on-off keying modulation
scheme. In further embodiments, on-off keying modula-
tion schemes may be used. Other non-complex modu-
lation schemes, for example modulation schemes that
do notinclude or that are not based on real and imaginary
parts, may be implemented in some other embodiments.
[0050] Reliable optical wireless communication relies
on line of sight between the transmitter and receiver.
Each transmitter has a characteristic field of view, in
which a corresponding receiver can receive an optical
signal fromthe transmitter. Each receiver also has a char-
acteristic field of view, in which a corresponding trans-
mitter can transmit an optical signal to the transmitter.
[0051] A device may have both a transmitter and a re-
ceiver thereby allowing the device to transmit and receive
optical wireless communication signals. A transmitter
and receiver may be paired together as a transceiver
configured to transmit and receive optical wireless com-
munication signals. The receiver may be configured to
receive light signals at a first wavelength and the trans-
mitter is configured to transmit at a second wavelength
to access points. For example, the outgoing light signal
may be an infrared signal generated by an infrared diode
and the incoming light may be a visible light signal.
[0052] By receiving light signals at a first wavelength
and transmitting light signals at a second, different wave-
length, a full duplex communications capability may be
provided. Different wavelengths may be used for uplink
(communication from access points to the device) and
for downlink (communication from the device to access
points). The device may receive on the first wavelength
at the same time as transmitting on the second wave-
length.

[0053] Each transceiver may have its own optics im-
plemented to guide light to and from the transceiver
and/or to intensify light. The optics may be provided as
a separate optical component or could be moulded with
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the transceiver. Separate optical components may be
provided for the receiver and the transmitter. The optics
and transceiver may together define the field of view of
the transceiver.

[0054] The transceivers may be detachable from the
mobile device. The transceivers may be designed as
plug-in components that may be removed, replaced or
refitted. The transceivers may be swapped to provide
differentfields of view, either by an end user orin afactory
setting. The transceivers may be swapped to enable dif-
ferent wavelengths of operation. Any one or more of the
transceivers may be swapped for any one or more further
transceivers, which may have different fields of view
and/or wavelengths to the original transceivers.

[0055] Figures 2(a)and 2(b) shows a mobile device 20
according to an embodiment and a remote device, for
example an access point 22, communicating using opti-
cal wireless communication. The mobile device 20 has
three transceivers, each transceiver configured to com-
municate using optical wireless signals. The access point
22 may be a fixed device, for example, a wireless access
point. The access point 22 has a transceiver 30 config-
ured to communicate using optical wireless signals. The
access point 22 may have more than one transceiver.
[0056] The transceivers of the mobile device 20 are
transmitter and receiver pairs, as described with refer-
ence to Figure 1. The transceiver of the access point 22
is a transmitter and receiver pair, as described with ref-
erence to Figure 1. The transceiver is configured to pro-
vide full duplex communications capability. In this em-
bodiment the transceiver of the mobile device emits op-
tical signals having a first wavelength, for example infra-
red light, and receives light having a second wavelength,
for example, light in the visible spectrum. In contrast, the
transceiver 30 of the access point 22 device receives
optical signals having a first wavelength, for example in-
frared light, and emits light having a second wavelength,
for example, light in the visible spectrum. The transmit-
ters are configured to transmit as required utilising direc-
tion of light source information from the receivers. This
transmission may be controlled by an algorithm. The out-
puts can be used as single outputs or combined appro-
priately for subsequent signal conditioning.

[0057] Each of the transceivers of the mobile device
20 has a different field of view. The fields of view of the
transceivers may overlap to form a combined field of
view. Each field of view may be up to 180 degrees, op-
tionally between 90 and 180 degrees, in certain embod-
iments. The combined field of view may cover up to 360
degrees of the peripheral space about the mobile device,
preferably between 270 degrees and 360 degrees. The
fields of view of each transceiver may be substantially
orthogonal to each other. In other embodiments, different
transceivers may have the same field of view, or similar
fields of view.

[0058] The mobile device may be, for example, a
smartphone, a tablet, a laptop or other communication
and/or computing device. The mobile device may be ca-
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pable of communication using alternative communication
protocols. For example, the mobile device may be capa-
ble to communicate using one of wireless mobile tele-
communication, Wi-Fi, global positioning system, short
message service, multimedia message service, Ethernet
connection.

[0059] The mobile device 20 has an outer enclosure
which has at least three surfaces. For example, a typical
smartphone has 6 surfaces. The three transceivers of
the present embodiment are arranged about the mobile
device 20, as shown in Figure 2(a) and 2(b), as follows:
a first transceiver 24 is on an upper surface, a second
transceiver 26 is on a top surface and a third transceiver
28 is on a lower surface. The upper and lower surfaces
are parallel to each other. The top surface is perpendic-
ular to the upper and lower surfaces and provides a join.
[0060] As shown inFigure 2(a)and 2(b), the first trans-
ceiver 24 has a first transmitter 24a and a first receiver
24b; the second transceiver 26 has a first transmitter 26a
and a first receiver 26b; and the third transceiver 28 has
athird transmitter 28a and a third receiver 28b. The trans-
ceiver 30 of the access point 22 has an access point
transmitter 30a for sending optical wireless signals and
an access pointreceiver 30b for receiving optical wireless
signals.

[0061] Figure 3 shows a schematic block diagram il-
lustrating components of the mobile device 20 in more
detail. In addition to the components shown in Figures
2(a) and 2(b), mobile device 20 has a signal processor
68 and a host processor 70. The mobile device 20 has
a bus or interface 72 for carrying digital data signals be-
tween the signal processor 68 and the host processor.
The mobile device also has one or more transceiver bus-
es 73 or interfaces for carrying data signals between the
signal processor 68 and the transceivers. Control signal
data may also be carried by the transceiver buses or
separate control buses provided between the signal proc-
essor 68 and the transceivers.

[0062] The signal processor 68 is configured to proc-
ess signals received by the receivers to obtain optical
wireless communication data and/or provide data signals
to the transmitters to produce optical wireless communi-
cation signals. The signal processor 68 is further config-
ured to send control signals to the transceivers. The sig-
nal processor 68 interacts with circuitry associated with
the transmitter including driving circuitry to modulate data
onto outgoing optical signals. The signal processor also
interacts with circuitry associated with the transmitter to
demodulate data from incoming optical signals, for ex-
ample signal conditioning circuitry. While represented as
a single processor, the signal processor 68 may be more
than one processor, for example, one processor for con-
trolling transmitters and one processor for demodulating
the received signals.

[0063] The signal processor 68 is in communication
with the three transceivers 24, 26 and 28. Signal proc-
essor 68 is configured to process detection signals from
the receivers 24b, 26b and 28b to extract communication
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data and signal strength data. Signal processor 68 may
also process at least one other further signal received
from a further component of the mobile device 20 which
may be provided by the host processor 70. The further
component may provide data containing further position
and/or orientation information. For example, the further
component may comprise an accelerometer, a gyroscop-
ic device, a GPS device or any other suitable device. In
a further example, the further component may comprise
an alternative communication module.

[0064] Signal processor 68 is configured to control the
transmitters 24a, 26a and 28a, using control signals
and/or data signals, to produce optical wireless commu-
nication signals. The signal processor controls transmit-
ters using control signals that instruct the transmitters to
produce optical signals and/or by selecting which trans-
mitters data signals should be provided to. The control
signals and/or selecting of transmitters may be based on
processing of the received signals and/or on at least one
further signal provided to the signal processor 68.
[0065] Figure 4 shows three perspective views of the
mobile device 20 according to an embodiment. Figure
4(a) shows a side view of mobile device 20. Figure 4(b)
shows a front view of mobile device 20. Figure 4(c) shows
a back view of mobile device 20. First transceiver 24 is
shown on the upper surface of the mobile device 20. Sec-
ond transceiver 26 is shown on the top surface of the
mobile device 20 and third transceiver 28 is shown on
the lower surface of the mobile device.

[0066] Figure 5(a) shows a view of a transceiver mod-
ule 100 providing three transceiver elements, for exam-
ple transceivers 24, 26, 28. Figure 5(b) shows the same
module in an assembled state fitted to a mobile device
20. The assembly is configured to be fitted to a mobile
device either by an end-user orin a factory setting, during
production. The module may be swapped by a user. For
example, the module may be swapped by a user to pro-
vide a different field of view and/or to provide a different
wavelength or wavelengths of operation.

[0067] The transceiver elements may be surface
mount technology (SMT) devices mounted on a printed
circuitboard. The transceiver elements may be contained
in their own enclosures, so that the transceiver elements
can be swapped or replaced. The transceiver enclosures
may be detachable. The transceiver elements may be
swapped for transceiver elements having a different field
of view and/or different wavelength of operation.

[0068] The module 100 has an array of transceiver el-
ements. When assembled, the array flows from one sur-
face to an adjacent surface in a wrap-around fashion.
The array shown in Figure 5 shows a 1x3 transceiver
element array. Any array size may be implemented.
[0069] Themodule 100 hasthree transceiverelements
mounted on a flexible printed circuit board 102. The flex-
ible printed circuitboard can be flexed and curved around
the edge of the mobile device 20 as shown in Figure 5(b).
As shown in Figure 5, each transceiver element has a
photodiode formed on a substrate layer and an infrared
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light emitting diode formed on a substrate layer. Howev-
er, the transceiver elements may have more than one
receiver and/or more than one transmitter. The transceiv-
er elements sit on the circuit board via surface mount
technology (SMT) feet. The SMT feet connect the trans-
mitter and receiver electrically to the printed circuit board.
The printed circuit board of the module may contain driv-
ing and/or signal conditioning circuity. Each photodiode
has an associated optical component, for example a lens
or a concentrator, for directing incoming light to the pho-
todiode. Each infrared light emitting diode has an asso-
ciated optical component, for example, a lens or a con-
centrator for directing light away from the light emitting
diode. Advantageously, manufacturing the transceiver
elements on a flexible printed circuit board provides an
easier to install module for a mobile device.

[0070] The module also has two light barriers 104 pro-
vided on the printed circuit board. The light barrier is pro-
vided between adjacent transceiver elements. As shown
in Figure 5(b), the light barriers are provided to be sub-
stantially planar with the top surface of mobile device 20
in the assembled state. The light barrier prevents light
from two adjacent transceiver elements interfering. The
light barriers may be provided between different trans-
mitter and/or different receivers.

[0071] Operation of the transceivers 24, 26, 28 of the
mobile device 20 according to one mode of operation is
now described.

[0072] Typically, the mobile device 20 is free to move
relative to the access point 22. The access point 22 may
be at afixed location. Typically, ahand held mobile device
will be moved in use.

[0073] The mobile device 20 and access point 22 com-
municate via at least one optical communication channel
32, as shown in Figure 2(a). The optical communication
channel 32 may be bi-directional and comprise an uplink
34 and a downlink 36. The optical communication chan-
nel 32 is formed as follows. An optical light communica-
tion signal can be emitted from the mobile device 20 from
the mobile device transmitters 24a, 26a and 28a over a
combined field of view, as shown in Figure 2(b). Trans-
mitter 24a of the mobile device 20 emits an optical com-
munication signal over a first field of view 40; second
transmitter 26a of the mobile device 20 emits an optical
communication signal over a second field of view 42 and
transmitter 28a of the mobile device emits an optical com-
munication signal over a third field of view 44. The three
optical communication signals are emitted in different di-
rections, over different fields of view. The mobile device
20 is free to move and can be positioned such that the
receiver 30b of the access point 22 is in at least one of
the three fields 40, 42 and 44. In this position, the access
point 22 can receive an optical communication signal
sent by the mobile device 20. For example, for the mobile
device 20 in a first orientation, as shown in Figures 2(a)
and 2(b), the receiver 30b of the access point 22 is in the
first field of view 40 and an uplink 34 is formed between
the first transmitter 24a and the access point 22. When
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the uplink 34 is formed between the first transmitter 24a
and the access point 22, the mobile device 20 may switch
off transmitters 26a and 28a.

[0074] The transmitter 30a of the access point 22 can
emit an optical communication signal over a further field
of view 48 carrying data in the form of optical communi-
cation signals. The mobile device 20 positioned in the
further field 48 can be linked to the access point 22 and
receive a signal. The mobile device 20 is positioned such
that at least one of the receivers 24b, 26b and 28b of the
mobile device 20 is in the further field 48 and then the
mobile device 20 can receive an optical communication
signal sent by the access point 22. For example, for the
mobile device 20 in the first orientation, as shown in Fig-
ures 2(a) and 2(b), the receiver 24b of the mobile device
20 is in the further field 48 and a downlink 36 is formed
between the transmitter 30a of the access point 22 and
the mobile device 20.

[0075] In the first orientation, a bi-directional commu-
nication channel 32 is established that enables the mo-
bile device 20 to send data to and receive data from the
access point 22.

[0076] Asdescribedabove, Figures2(a)and 2(b)show
the mobile device in a first orientation. The mobile device
20 is free to move from a first orientation to a further
orientation. For example, the mobile device 20 may be
rotated about any one of its axes. Rotation of mobile de-
vice 20 is indicated in Figure 2(a) by arrow 50. The mobile
device 20 may also be translated from a first position to
a second position through along one or more reference
axes. Translation of the mobile device is indicated in Fig-
ure 2(a) by arrow 52. Movement of the mobile device 20
may involve both translation and rotation of the mobile
device 20.

[0077] Figure 6 shows the mobile device 20 ina second
orientation. The mobile device 20 has been rotated with
respect to Figures 2(a) and 2(b). Inthe second orientation
the field of view of each transceiver is changed with re-
spect to the first orientation. In particular, the first field
40, the second field 42 and the third field 44 are rotated.
In the second orientation, the receiver 30b of the access
point 22 is in the first optical communication field 40 and
the second optical communication field 42. A first uplink
60 is formed between the first transmitter 24a and the
receiver 30b of the access point 22 and a second uplink
is formed between the second transmitter 26a and the
receiver 30b of the access point 22. The first receiver
24b and the second receiver 26b of the mobile device 20
are both in the further optical communication field 48 of
the access point transmitter 30a. A first downlink 64 is
formed between the transmitter 30a of the access point
22 and the first receiver 24b of the mobile device 20 and
a second downlink 66 is formed between transmitter 30a
of the access point 22 and the second receiver 24b of
the mobile device 20.

[0078] In the second orientation, two bi-directional
communication channels are created that enables the
mobile device 20 to send data to and receive data from
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the access point 22.

[0079] Upon moving the mobile device from the first
orientation, as shown in Figures 2(a) and 2(b), to the
second orientation, as shown in Figure 6, an optical com-
munication link may be maintained, for example optical
communication uplink 34 and/or downlink 36 of the first
orientation is maintained as optical communication uplink
60 and downlink 64 of the second orientation. Further-
more, a new optical communication link may be estab-
lished, for example, optical communication uplink 62 and
optical communication downlink 66, in the second orien-
tation, are established. In addition, further optical com-
munication uplinks and/or downlinks may be established
or lost on moving the mobile device 22.

[0080] An illustrative implementation of a signal
processing method is shown in a flowchart of Figure 7.
The processing method of Figure 7 is illustrative of gen-
eral principles of controlling transmitters to produce op-
tical signals based on received detection signals. The
method of Figure 7 is also later described with reference
to movement between the first and second orientations.
[0081] Atstep 80, the signal processor 68 receives de-
tection signals from the receivers. The signal processor
68 extracts signal strengths from the detection signals.
The detection signals may contain signal strength infor-
mation as part of a communication protocol, or the signal
strength may be determined by another method. The sig-
nal processor 68 may also determine signal quality from
the detection signals and/or the detection signals may
contain signal quality information. Signal strength and/or
signal quality may be determined using any suitable
known method. For example, the signal processor 68
may receive or calculate a Received Signal Strength In-
dicator (RSSI) and/or signal to noise ratio (SNR) for the
detection signals. The RSSI and SNR may be used to
assess the received signal strength.

[0082] At step 82, the signal processor 68 processes
the detection signals to determine a signal contribution
from each receiver. The signal processor 68 processes
the detection signals to determine which receiver(s) has
detected a signal and therefore which transceiver has
the access point 22 in its field of view. This step includes
a comparison step using the signal strength of the re-
ceived signals. As a first example, this step includes de-
termining total signal strength by summing all detection
signal strengths for the receivers. Relative contributions
to the total signal strength for each receiver can then be
determined, for example as a percentage or a proportion
of the total signal strength, by comparing the individual
signal strengths for each received signal to the total signal
strength. The relative contributions can then be com-
pared. As a second example, the signal strengths them-
selves can be compared.

[0083] As afurther example, a suitable function of sig-
nal strength and signal quality can be used to determine
a contribution of an individual receiver. In an example
implementation, a scale factor may be applied to the sig-
nal contribution based on signal quality. For example, a
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first receiver may receive a significant contribution of the
signal but have a poor signal quality and therefore its
contribution is reduced.

[0084] At step 84, the signal processor determines a
weighting for controlling transmitters. The weighting is
based on the contributions calculated in step 82 and/or
a further signal provided from a further component. The
weighting contains information on which transmitters
should be used to send optical signals. The weighting
can indicate that only one transmitter should be used to
send an optical signal. For example, the transceiver pair
with the highest measured signal strength may be se-
lected to send the optical signal only. Alternatively, a com-
bination of more than one transmitter may be used to
send an optical signal. If a combination of transmitters is
used, then a weighting is applied to the transmitters.
[0085] At step 86, the signal processor 68 controls the
transmitters to produce optical signals based on the
weighting. Control of the transmitters may be performed
by providing control signals to the transmitters and/or se-
lecting which transmitters are sent data signals. Control
signals and/or data signals are sent by transceiver buses
73 and/or separate control buses. In the simplest case,
the weighting corresponds to simply turning on one or
more of the transmitters.

[0086] An optional step, not shown, is for the signal
processor 68 to provide a line of sight signal to the host
processor 70 or other further component of the mobile
device 20 based on the contribution determination. The
line of sight signal carries signal strength information.
The signal processor 68 or host processor 70 may use
this information to determine a position and/or an orien-
tation of the mobile device 20 relative to the access point
22.

[0087] Asanexampleimplementation, signal process-
ing accompanying movement between the first and sec-
ond orientation, as described above with reference to
Figures 2 and 6, is now considered.

[0088] Turning to step 80, in the first orientation, an
optical signal is received by the first receiver 24b of the
mobile device and the first receiver 24b produces and
provides a detection signal to signal processor 68 in re-
sponse to receiving the optical signal. In the second ori-
entation, optical signals are received by first receiver 24b
and the second receiver 26b of the mobile device 20 and
the first receiver 24b. Signal strength information is ex-
tracted from the detection signals. In the first orientation,
second receiver 26b and third receiver 28b do not receive
optical signals and therefore either provide detection sig-
nals that indicate that no optical signal is received or they
provide no detection signal to the signal processor 68.
In the second orientation, third receiver 28b does not
receive optical signals and therefore either provides a
detection signal that indicates that no optical signal is
received or provides no detection signal to the signal
processor 68.

[0089] On moving from the first orientation to the sec-
ond orientation, the first receiver 24b continue to receive
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optical signals and the second receiver 26b begins to
receive optical signals when the access point enters the
field of view of the second receiver 26b.

[0090] At step 82, the signal processor 68 then proc-
esses the detection signals to determine which receiver
has detected a signal and to determine the contributions
of each signal to the total signal. In the first orientation,
the signal processor 68 has only a non-zero signal
strength value from the first receiver so can determine
thatthe first receiver contributes the total signal. The ratio
of signal strength contributions can be represented as
1:0:0. In the second orientation, the signal processor 68
has a signal strength value from the first receiver 24b
and the second receiver 26b so can determine the first
receiver and second receiver contributions to the total
signal. The ratio of signal strength contributions can be
represented as X:Y:0 where X is a value between 0 and
1, Y is a value between 0 and 1 and X+Y is substantially
equal to 1.

[0091] On moving from the first orientation to the sec-
ond orientation, the signal strength contributions change.
The contribution of the first receiver 24b decreases and
the contribution of the second receiver 26b increases.
[0092] At step 84, the signal processor determines a
weighting for controlling the transmitters based on the
above contributions. As previously discussed, the control
of the transmitters may be implemented in several ways.
In a first implementation, the weighting may be chosen
such that the transceiver corresponding to the highest
contribution to total signal is selected to send an optical
signal. In the first orientation, only the first receiver 24b
contributes so it has the highest contribution there the
weighting is determined such that only the first transmitter
24a is selected to produce optical signals. In the second
orientation, both the first and second receivers contrib-
ute. Therefore, if the contribution of the first receiver 24b
is higher than the contribution of the second receiver 26b
then the weighting is chosen such that only the first trans-
mitter 24a will be instructed to send an optical signal and
vice versa. On moving between the first and second ori-
entation, the signal processor 68 may determine a
weighting that switches optical signal production be-
tween the first and second transmitter. On moving be-
tween the first and second orientation, the signal proc-
essor 68 may determine a weighting that turns off the
first transmitter 24a and turns on the second transmitter
26a.

[0093] In asecond implementation, the weighting may
be selected based on the values of the contributions. In
the first orientation, only the first receiver 24b contributes
so the weighting is determined such that only the first
transmitter 24a is selected to produce optical signals. In
the second orientation, both the first and second receiv-
ers contribute. Therefore, if the contribution of the first
receiver 24b is represented as value X and the contribu-
tion of the first receiver 24b is represented as value Y,
as described above, the weighting can be selected such
that the first transmitter 24a produces a first proportion,
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based on value X, of the total outgoing optical signal and
the second transmitter 24a produces a proportion, based
onvalueY, of the total outgoing optical signal. On moving
between the first and second orientation, the weighting
will change to reflect the changing optical fields.

[0094] In a third implementation, the weighting may be
based on a threshold, such that the values of the relative
contributions are compared to a threshold value and the
weighting is determined based on the comparison. In the
first orientation, only the contribution of the first receiver
24b can be above a predetermined threshold. In the sec-
ond orientation, the contribution of the first receiver 24b
and the contribution of the second receiver 26b will be
above the predetermined threshold. A weighting is de-
termined that instructs both transmitters to produce op-
tical signals. On moving between the first and second
orientations, the weighting will change.

[0095] At step 86, the signal processor uses the
weighting to control the transmitters 24a, 26a and 28a.
A first implementation includes sending data signals to
be modulated to all transmitters together with control sig-
nals that indicate that only the first transmitter should
generate optical signals. Alternatively, control may also
be achieved by sending only a data signal to the first
transmitter 24a and no data signals to the other trans-
mitters. Control signals and/or data signals are sent by
transceiver buses 73 and/or separate control buses.
[0096] Atstep 86, the signal processor uses the above
weighting to control the transmitters 24a, 26a and 28a.
The transmitters may be controlled, for example, by
changing transmitter modulation depth in conjunction
with transmitter offset level.

[0097] The signal processor 68 may process the de-
tection signals from the receivers to produce a line of
sight signal. In the case of more than one received signal,
a comparison step is made by the signal processor to
determine the relative strengths and/or relative quality of
the detection signals. For example, if the first detection
signal has a signal strength that is smaller than the signal
strength of the second detection signal, then it can be
determined that the second transceiver 26 has either a
smaller distance to the access point or a clearer line of
sight. In either case, the signal processor determines that
the second transmitter is a preferred transmitter to send
a subsequent optical signal from.

[0098] The comparison step may further comprise de-
termining relative contributions to a total signal strength
and/or signal quality, including summing signals from all
receivers to calculate a total signal strength and/or total
signal quality. Signals from individual transmitters can be
compared to the total signal strength to determine indi-
vidual contributions from each received signal to the total
signal therefore measuring a weighting of signal contri-
butions. The measured of received weightings can be
used to determine a suitable output weighting for con-
trolling transmitters.

[0099] Although transceiver elements are described
that contain only one transmitter and receiver pair, in prin-
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ciple, any number of transmitters and receivers may be
included. For example, the transceiver may be made up
of an array of a first plurality of transmitters and an array
of a second plurality of receivers. The first plurality and
second plurality made have the same number and the
same array size. An array of transmitters may include an
array of individual light emitting diode units, each with a
separate driving circuit and/or lens. Alternatively, the ar-
ray of transmitters may include an array of light emitting
diodes sharing one or more driving circuits and/or sharing
one or more lenses.

[0100] Likewise, the array of receivers may include an
array of individual photodiodes units, each with a sepa-
rate conditioning and/or lens. Alternatively, the array of
receivers may include an array of photodiodes sharing
one or more driving circuits and/or sharing one or more
lenses.

[0101] In certain embodiments described herein, the
transmitter and receiver elements configured for optical
wireless communication are in fixed positions with re-
spect to surfaces of a mobile device such that each of
three surfaces of the mobile device, for example two op-
posing surfaces and an orthogonal surface, has at least
one OWC transmitter and/or such that each of the three
surfaces has at least one OWC receiver.

[0102] In alternative embodiments, at least one of the
transmitters and/or receivers provided at at least one of
the surfaces is orientable with respect to the mobile de-
vice, for example with respect to a surface of the mobile
device. For example, an alternative version of the em-
bodiment of Figures 2a and 2b is provided in which one
or more of transceiver 124, transceiver 126 or transceiver
128 is provided on a respective orientable member. The
or each orientable member may be rotated around a re-
spective at least one axis either manually by a user or,
in some embodiments, under command of a controller.
[0103] Figure 8 is schematic illustration of a schematic
block diagram showing components of an orientable
member on which a transceiver such as transceiver 124,
126 or 128 may be provided and oriented relative to a
surface of the or a mobile device.

[0104] As described in more detail below, the orienta-
ble member arrangement 120 of a mobile device 130
includes a transceiver mounted on an orientable member
124 and comprising a transmitter 140 and areceiver 142.
The orientable member is orientable to find an optimum
angle for communication by the transceiver with a remote
device, for example, an access point for providing data
transmission to and/or from a wired network or a Wi-Fi™
or other RF wireless network or for providing transmis-
sion to and/or from an optical wireless communications
network, optionally a LiFi network.

[0105] The orientable member arrangement 120 has
aconnector member 122 and an orientable member 124.
The connector member 122 connects the device via an
interface 126 to the mobile device 130. The connector
member 122 thus provides a data interface between the
orientable member arrangement 120 and mobile device
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130.

[0106] The orientable member arrangement 120 has
two main structural components connected together by
a third structural component. The first component is a
connector member 122. The second component is the
orientable member 124 that accommodates the trans-
ceiver 140, 142 for optical wireless communication. Al-
ternatively, the orientable member 124 may accommo-
date a receiver but no transmitter, or a transmitter but no
receiver, in some embodiments.

[0107] The connector member 122 may include any
suitable structural elements to provide a rotation mech-
anism, for example mechanical couplings, to enable ro-
tation of the orientable member in a desired direction or
directions, for example around predetermined axis or ax-
es with respect to the mobile device. Such structural el-
ements can comprise one or more of bearing(s), spin-
dle(s), gear(s), ratchet(s), coupling(s), joint(s), stop(s).
[0108] The orientable member arrangement 120 is op-
erable to move between a first configuration and a sec-
ond, rotated configuration and to maintain the orientable
member in the second configuration, e.g the rotated po-
sition. In some cases a stop or lock or other mechanism
may be included in the rotation mechanism to maintain
the orientable member in the rotated configuration and/or
the rotation mechanism may have sufficient stiffness, fric-
tion or inertia such that the orientable member remains
in the rotated position unless a significant further force
is applied. The movement between a first configuration
and a second configuration may be manual, for example
by end-user manipulation. Alternatively, or in addition,
movement may be by electro-mechanical means, under
software and/or electronic control. The movement be-
tween a first configuration and a second configuration
may also be automatic. The control module 141 controls
a drive mechanism 134 that drives the rotation of the
orientable member 124.

[0109] The drive mechanism 134 may be electrically,
magnetically and/or electro-magnetically powered.
[0110] In a non-automatic electro-mechanical embod-
iment, control signals may be provided by the mobile de-
vice 130 based on input by a user. The mobile device
then instructs the control module 141 to rotate the orient-
able member through a certain angular distance.
[0111] Inanother embodiment, suitable control signals
are automatically generated by the processing resource
138 or by a processor of the mobile device 130 based
for example on one of received optical signal strength,
received optical signal speed and/or a further signal.
[0112] The couplingmember 132 couples the two com-
ponents 122, 124 together, mechanically and electroni-
cally. Analogue circuitry for the transceiver is contained
in the orientable member 124 and associated digital cir-
cuitry is contained in the connector member 122. In other
embodiments, analogue circuitry may be contained in
the orientable member 124 or in the connector member
122, or may be divided between the orientable member
124 and the connector member 122. The digital circuitry
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may be contained in the orientable member 124 or in the
connector member 122, or may be divided between the
orientable member 124 and the connector member 122.
In other embodiments, the analogue circuitry and the dig-
ital circuitry may be provided in the main body of the
mobile device 130 itself rather than in the members 122,
124,

[0113] In the embodiment of Figure 8, the coupling
member provides an interface for digital signals between
the connector member 122 and the orientable member
124. The orientable module 124 is moved using a drive
mechanism 134. The drive mechanism may be located
in atleast one of the connector member 122, the coupling
member 132 and the orientable member 124.

[0114] The orientable member arrangement 120 has
a processing module 136 located in the connector mem-
ber 122. The processing module 136 has a processing
resource 138 for processing optical wireless communi-
cation data signals and a control module 141 for sending
control signals to the drive mechanism 134. In some em-
bodiments, the processing resource 138 and the control
module 141 are in communication with each other. The
coupling member 132 has a connector data interface 139
permitting data signals to be communicated between the
circuitry of the connector member 122 and the circuitry
of the orientable member 124.

[0115] The orientable member 124 includes a trans-
ceiver 140, 142 and associated analogue front end cir-
cuitry. The transceiver is represented in Figure 8 by a
transmitter 140 and a receiver 142. In some embodi-
ments, the transmitter may be, for example, an infrared
light emitting diode (LED). The receiver 142 may be, for
example, a photodiode. The receiver 142 is configured
to receive light signals at a first wavelength, visible light
in this embodiment, and the transmitter 140 is configured
to transmit at a second different wavelength, infrared light
in this embodiment.

[0116] The transmitter 140 has an associated ana-
logue front end 144 which contains an associated driving
circuit to drive the LED to produce the optical signal. The
associated driving circuitry includes a digital to analogue
convertor configured to provide a modulation signal at a
frequency characteristic of an optical light communica-
tion signal. The analogue front end modulates a drive
current using data and the driving circuitry provides the
drive currentto the LED. The LED then produces an out-
going modulated optical wireless communication signals
that carries the data.

[0117] The photodiode of the receiver 142 has an as-
sociated analogue front end 146 which contains condi-
tioning circuitry. The photodiode converts received light
to an electronic signal which is then conditioned by the
conditioning circuitry of the analogue front end 146. Con-
ditioning may include at least one of: one or more filter
steps; amplification of a weak electrical signal; equalisa-
tion of received signals and converting the analogue sig-
nals into digital signals using an analogue to digital con-
vertor. The digital signals can then be provided to a fur-
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ther processor, for example the processing resource 138
of the connector member, to be demodulated to extract
communication data.

[0118] Although description of the transmitter, receiver
and associated circuitry of the embodiment of Figure 8
is provided in the preceding paragraphs, it will be under-
stood that in variants of the embodiment of Figure 8, any
of the transmitter, receiver and associated processing
circuitry may be as described in relation to any of the
other embodiments described herein. Furthermore, al-
though the orientable member arrangement is shown
schematically in Figure 8 as being separate from, but
connected to, the mobile device 130, in alternative em-
bodiments the orientable member arrangement is an in-
tegral part of the mobile device,

[0119] In some embodiments each of three surfaces
of the mobile device has a respective associated orient-
able member arrangement such as the orientable mem-
ber arrangement of the embodiment of Figure 8. Each of
the orientable arrangements may allow individual trans-
ceivers to be oriented at a desired angle with respect to
an axis or axes. The axis or axes may be defined with
respect to one or more of the surfaces of the mobile de-
vice, for example parallel to or perpendicular to one or
more of the surfaces.

[0120] In some embodiments, each orientable mem-
ber may have a default position in which the transceiver
of the orientable member may be perpendicular to or par-
allel to the associated surface of the mobile device. A
field of view of the transceiver may be parallel to or per-
pendicular to the associated surface in the default posi-
tion in some embodiments. In the default position the
transceiver and/or the orientable member may be flush
with the associated surface or may have the lowest profile
or protrude by a minimum amount with respect to a view
perpendicular to the associated surface. In operation
each orientable member may be orientable away from
the default position, for example manually by a user or
automatically, and/or under control of an associated
processor. Each orientable member may be oriented for
example, to maximise or minimise received or transmit-
ted signal strength or to aim the transmitter and/or re-
ceiver towards or away from areceiver and/or transmitter
of another device.

[0121] In some embodiments a further orientable
member is provided that is connected to the first orient-
able member via further structural elements to enable
relative rotation between the orientable member and the
further orientable member. The rotation axis for rotation
between the orientable member and the mobile device
may be the same as or different to, for example perpen-
dicular to, the rotation axis for rotation between the ori-
entable member and the further orientable member. The
transceiver may be provided at the further orientable
member. Thus, an increased range of rotation angles, or
rotation around more than one axis relative to the mobile
device, can provided.

[0122] The orientable member and the further orient-
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able member may also be referred to as a first portion
and a second portion respectively of the orientable mem-
ber. The second portion may be orientable relative to the
first portion.

[0123] The first portion of the orientable member may
be rotatably coupled to the second portion of the orient-
able member. In some embodiments, the first portion of
the orientable member may be orientable by rotation rel-
ative to the connector member about a first axis by a first
range of angles and the second portion of the orientable
member is orientable by rotation relative to the first por-
tion about a second axis by a second range of angles.
[0124] Insomeembodiments, the firstaxis may be sub-
stantially orthogonal to the second axis or the first axis
is substantially parallel to the second axis. The first and
second axes may be collinear such that the second por-
tion is operable to rotate about an angle equal to the sum
of the first angle and the second angle. Orientation of the
orientable member may comprise rotation of the first por-
tion and rotation of the second portion.

[0125] Inembodiments, atleast one the plurality of the
transmitters and/or receivers is provided on the first por-
tion and at least one of the plurality of the transmitters
and/or receivers is provided on the second portion.
[0126] The orientable member is manually orientable
by a user in some embodiments.

[0127] In some embodiments, the device 130 and/or
the orientable member arrangement 120 further compris-
es a drive arrangement operable to orient the orientable
member. The drive arrangement may be electrically,
magnetically and/or electro-magnetically powered.
[0128] In some embodiments the mobile device 130
and/or the orientable member arrangement 120 further
comprises an indicator for indicating signal strength of
signals received at the receiver and/or transmitted by the
transmitter.

[0129] In some embodiments, the indicator may com-
prise a visual indicator, for example, a light or a display.
The indicator may be configured to provide an indication
signal in response to signal strength being greater than
or equal to a threshold value.

[0130] Some embodiments include a controller config-
ured automatically to control orientation of the orientable
member. The controller may comprise or form part of a
processor of the mobile device 130. In some embodi-
ments the controller is configured to control orientation
of the orientable member based on at least one of:

a) signal strength of at least one signal received at
the receiver or transmitted by the transmitter;

b) a control signal received from a further device or
at least one additional device;

c) ameasurement of orientation of the orientable de-
vice and/or the further device and/or a measurement
of relative orientation of the orientable device and
the further device.

[0131] In some embodiments the transceiver referred
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to in relation to particular embodiments may be replaced
with a receiver or a transmitter. In some embodiments
transmitters and/or receivers can be provided on their
own orientable members, and a transmitter may be ori-
ented to any one of a range of angles with respect to an
associated receiver. In a further embodiment, four trans-
ceiver elements are positioned at four corners of a mobile
device, for example a mobile phone. The method of Fig-
ure 7 may be performed using the four transceiver ele-
ments at the four corners.

[0132] A skilled person will appreciate that variations
ofthe enclosed arrangement are possible without depart-
ing from the invention. Accordingly, the above description
of the specific embodiment is made by way of example
only and not for the purposes of limitations. It will be clear
to the skilled person that minor modifications may be
made without significant changes to the operation de-
scribed.

[0133] Certain embodiments are as set out in the fol-
lowing numbered clauses:

Clause 1. A mobile device comprising:

a plurality of transmitters and receivers, each
configured for optical wireless communication,
wherein the plurality of transmitters and/or re-
ceivers are arranged on at least three surfaces
of the mobile device such that each of the three
surfaces has a respective at least one of the
transmitters and/or each of the three surfaces
has a respective at least one of the receivers.

Clause 2. A device according to Clause 1, wherein
the atleast three different surfaces comprise two op-
posing surfaces and a surface that is substantially
orthogonal to the two opposing surfaces.

Clause 3. Adevice according to Clause 1or2, where-
in the plurality of transmitters and/or receivers are
arranged so that each transmitter and/or each re-
ceiver has a different field of view.

Clause 4. A device according to any preceding
Clause, wherein at least one of a) or b):

a) the plurality of transmitters are arranged to
have a combined field of view of at least 180
degrees, optionally atleast 270 degrees, option-
ally at least 360 degrees;

b) the plurality of receivers are arranged to have
a combined field of view of at least 180 degrees,
optionally at least 270 degrees, optionally at
least 360 degrees.

Clause 5. A device according to any preceding
Clause, wherein at least one of ¢) or d):

c) the field of view of at least one of the trans-
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mitters is substantially orthogonal to the field of
view of at least one other of the transmitters;
d) the field of view of at least one of the receivers
is substantially orthogonal to the field of view of
at least one other of the receivers.

Clause 6. A device according to any preceding
Clause, further comprising a flexible printed circuit
board, wherein at least some of the plurality of trans-
mitters and/or plurality of receivers are provided on
the flexible printed circuit board.

Clause 7. A device according to any preceding
Clause, further comprising at least one light barrier
between at least one of the transmitters and/or re-
ceivers and at least one other of the transmitters
and/or receivers.

Clause 8. A device according to Clause 7, wherein
the at least one light barrier comprises at least one
light barrier between at least one of the transmitters
and at least one other of the transmitters, and/or at
least one light barrier between at least one of the
receivers and at least one other of the receivers.

Clause 9. A device according to any preceding
Clause, configured to communicate using a further
communication protocol in addition to optical wire-
less communication.

Clause 10. A device according to Clause 9, wherein
the further communication protocol comprises at
least one of: a radio-frequency communication pro-
tocol, wireless mobile telecommunication, Wi-Fi, glo-
bal positioning system, short message service, mul-
timedia message service, Ethernet connection.

Clause 11. A device according to any preceding
Clause, wherein the device comprises at least one
of: a smartphone, a mobile telephone, a tablet, a
laptop or other communication and/or computing de-
vice.

Clause 12. A device according to any preceding
Clause, further comprising a processing resource
configured to control an optical wireless communi-
cation transmission or reception process.

Clause 13. A device according to Clause 12, wherein
the processing resource is configured to select one
ormore of the transmitters for use in the transmission
process and/or to selectively control the output pow-
er of each of the transmitters in the transmission
process, in dependence on one or more of received
signal strength, received signal quality, position of
the mobile device, orientation of the mobile device.
Clause 14. A device according to Clause 12 or 13,
wherein the processing resource is configured to se-
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lect one or more of the receivers for use in the re-
ception process or to selectively process received
signals from the receivers, in dependence on one or
more of received signal strength, received signal
quality, position of the mobile device, orientation of
the mobile device.

Clause 15. A device according to any preceding
Clause, wherein each transmitter and/or receiver
has an associated optical component for directing
light to and/or from the associated transmitter and/or
receiver.

Clause 16. A device according to any preceding
Clause, further comprising:

an orientable member, wherein the orientable
member comprises at least one

of the receivers and/or wherein the orientable
member comprises at least one

of the transmitters; and

a rotation mechanism operable to provide rota-
tion of the orientable member relative to the mo-
bile device about a rotation axis and to maintain
the orientable member in a rotated position fol-
lowing completion of said rotation.

Clause 17. A device according to Clause 16, wherein
the rotation axis is substantially parallel to at least
one of the at least three surfaces, and/or substan-
tially orthogonal to at least one of the at least three
surfaces.

Clause 18. A device according to Clause 16 or 17,
wherein the rotation mechanism is configured such
that the orientable member is rotatable around said
rotation axis by at least 90 degrees.

Clause 19. A device according to any of Clauses 16
to 18, wherein the rotation mechanism is operable
to provide rotation of at least part of the orientable
member relative to the mobile device with respect to
the rotation axis and with respect to a further rotation
axis orthogonal to said rotation axis.

Clause 20. A device according to according to any
of Clauses 16 to 19, wherein the orientable member
comprises a first portion and a second portion, and
the second portion is orientable relative to the first
portion.

Clause 21. A device according to Clause 20, wherein
the first portion of the orientable member is rotatably
coupled to the second portion of the orientable mem-
ber.

Clause 22. A device according to Clause 20 or 21,
wherein the first portion of the orientable member is
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orientable by rotation relative to the connector mem-
ber about a first axis by a first range of angles and
the second portion of the orientable member is ori-
entable by rotation relative to the first portion about
a second axis by a second range of angles.

Clause 23. A device according to any of Clauses 20
to 22, wherein the first axis is substantially orthogo-
nal to the second axis or the first axis is substantially
parallel to the second axis.

Clause 24. A device according to any of Clauses 20
to 23, wherein the first and second axes are collinear
such that the second portion is operable to rotate
about an angle equal to the sum of the first angle
and the second angle.

Clause 25. A device according to any of Clauses 20
to 24, wherein orientation of the orientable member
comprises rotation of the first portion and rotation of
the second portion.

Clause 26. A device according to any of Clauses 20
to 25, wherein at least one the plurality of the trans-
mitters and/or receivers is provided on the first por-
tion and atleast one of the plurality of the transmitters
and/or receivers is provided on the second portion.

Clause 27. A device according to any of Clauses 16
to 26, wherein the orientable member is manually
orientable by a user.

Clause 28. A device according to any of Clauses 16
to 27, further comprising a drive arrangement oper-
able to orient the orientable member, wherein the
drive arrangement is electrically, magnetically
and/or electro-magnetically powered.

Clause 29. A device according to any of Clauses 16
to 28, further comprising a controller configured au-
tomatically to control orientation of the orientable
member.

Clause 30. A device according to Clause 29, wherein
the controller is configured to control orientation of
the orientable member based on at least one of:

a) signal strength of at least one signal received
at the receiver or transmitted by the transmitter;
b) a control signal received from a further device
or at least one additional device;
c)ameasurement of orientation of the orientable
device and/or the further device and/or a meas-
urement of relative orientation of the orientable
device and the further device.

Clause 31. A method of adapting a mobile device for
optical wireless communication comprising installing
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a plurality of transmitters and receivers, each con-
figured for optical wireless communication,

wherein the installing of the plurality of transmitters
and/or receivers comprises arranging the plurality of
transmitters and/or receivers on at least three sur-
faces of the mobile device such that each of the three
surfaces has a respective at least one of the trans-
mitters and/or each of the three surfaces has a re-
spective at least one of the receivers.

Clause 32. Amethod of operating a device according
to any of Clauses 1 to 30 to provide optical wireless
communication, comprising at least one of a) and b):

a) selecting one or more of the transmitters for
use in an optical wireless transmission process
and/or selectively controlling an output power of
each of the transmitters, in dependence on one
ormore ofreceived signal strength, received sig-
nal quality, position of the mobile device, orien-
tation of the mobile device;

b) selecting one or more of the receivers for use
in an optical wireless reception process or se-
lectively processing received optical wireless
signals from the receivers, in dependence on
one or more of received signal strength, re-
ceived signal quality, position of the mobile de-
vice, orientation of the mobile device.

Claims

A mobile device comprising:
at least one of a plurality of transmitters and a plu-
rality of receivers, wherein:

the at least one of the plurality of transmitters or
the plurality of receivers are configured for opti-
cal wireless communication (OWC);

the at least one of the plurality of transmitters or
the plurality of receivers are arranged on at least
three surfaces of the mobile device such that
each of the three surfaces has a respective at
least one of the plurality of transmitters and/or
each of the three surfaces has a respective at
least one of the plurality of receivers, wherein
the mobile device further comprises a process-
ing resource configured to control an OWC
transmission or reception process; wherein

the processing resource is programmed to con-
trol and/or select at least one transmitter of the
plurality of transmitters and/or control and/or se-
lect at least one receiver of the plurality of re-
ceivers based on at least one position or orien-
tation signal received from a further component
of the mobile device; and

wherein at least one of the plurality of receivers
and the plurality of transmitter is configured to
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receive or transmit light comprising an infra-red
wavelength.

The device according to claim 1, wherein the further
component comprises at least one of an accelerom-
eter or a gyroscopic device.

The device according to any preceding claim, where-
in the processing resource is programmed to control
and/or select at least one transmitter wherein the
controlling and/or selecting of the at least one trans-
mitter is determined by the processing resource us-
ing a weighting of received signals from the one or
more receivers and at least one position or orienta-
tion signal received from a further component of the
mobile device.

The device according to any preceding claim, where-
in at least some of the at least one of the plurality of
transmitters or the plurality of receivers on different
surfaces of the mobile device are provided on the
same circuit board, the device further comprising
said circuit board, wherein the circuit board compris-
es a flexible circuit board.

The device according to claim 4, wherein the flexible
circuit board comprises an array of the transmitters
and/or receivers and the flexible circuit board is ar-
ranged so that the array wraps around said three
surfaces and/or wherein the flexible circuit board
comprises or forms part of a module that is fitted to
the mobile device.

The device according to any preceding claim, com-
prising a plurality of transceiver elements that com-
prise said plurality of transmitters and said plurality
of receivers.

The device according to claim 6, wherein at least
one of a), b), c):

a) the transceiver elements are detachable;

b) one or more of the transceiver elements is
swappable for one or more other transceiver el-
ements having a different field of view or wave-
length of operation;

c) the device comprises at least one enclosure,
each for receiving a respective one or more of
the transceiver elements, optionally wherein
each of the enclosures comprises a light barrier
for blocking light from a transceiver element of
other of the enclosures.

d) wherein the transceiver elements are surface
mount technology (SMT) devices;

e) the device comprises a transceiver module
comprising the transceiver elements arranged
as at least one transceiver array, optionally
wherein the transceiver module comprises a
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light barrier between adjacent transceiver ele-
ments.

The device according to claims 6 or 7, wherein one
or more of the transceiver elements are plug-in de-
vices and may be removed or replaced by one or
more other transceiver elements, optionally where
said other transceiver element has a different field
of view or different wavelength of operation to that
of the transceiver element being replaced.

The device according to any preceding claim, where-
in the at least three different surfaces comprise two
opposing surfaces and a surface that is orthogonal
to the two opposing surfaces.

The device according to any preceding claim, where-
in at least one of a), b), c), d), e):

a) wherein the at least one of the plurality of or
the plurality of receivers are arranged so that
each at least one of transmitter or receiver has
a different field of view;

b)the plurality of transmittersis arranged to have
a combined field of view of at least 180 degrees,
or to have a combined field of view of at least at
least 270 degrees, or to have a combined field
of view of at least at least 360 degrees;

c) the plurality of receivers is arranged to have
a combined field of view of at least 180 degrees,
optionally at least 270 degrees, optionally at
least 360 degrees;

d) the field of view of at least one of the trans-
mitters is substantially orthogonal to the field of
view of at least one other of the transmitters;
e) the field of view of at least one of the receivers
is substantially orthogonal to the field of view of
at least one other of the receivers.

The device according to any preceding claim, further
comprising a light barrier between the at least one
of the plurality of transmitters or the plurality of re-
ceivers and at least one other of the at least one of
the plurality of transmitters or plurality of receivers,
optionally wherein the light barrier comprises at least
one light barrier between at least one of the trans-
mitters and at least one other of the transmitters,
and/or at least one light barrier between at least one
of the receivers and at least one other of the receiv-
ers.

The device according to any preceding claim, con-
figured to communicate using a further communica-
tion protocol in addition to optical wireless commu-
nication, optionally wherein the further communica-
tion protocol comprises at least one of: a radio-fre-
quency communication protocol, wireless mobile tel-
ecommunication, Wi-Fi, global positioning system,
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short message service, multimedia message serv-
ice, or Ethernet connection.

The device according to any preceding claim, where-
in the device comprises at least one of: a smart-
phone, a mobile telephone, a tablet, a laptop or other
communication or other computing device and/or
wherein each at least one of transmitter or receiver
has an associated optical component for directing
light one of to or from the associated at least one of
transmitter or receiver.

The device according to any preceding claim, where-
in the processing resource is configured to at least
one a), b):

a) at least one of select one or more of the re-
ceivers for use in the reception process or se-
lectively process received signals from the re-
ceivers, in dependence on one or more of re-
ceived signal strength, received signal quality,
position of the mobile device, orientation of the
mobile device;

b) atleast one of select one or more of the trans-
mitters for use in the transmission process and
selectively control the output power of each of
the transmitters in the transmission process, in
dependence on one or more of received signal
strength, received signal quality, position of the
mobile device, orientation of the mobile device.

A method of controlling the device according to any
preceding claim, comprising controlling or selecting
the transmitter by the processing resource based on
determining or assessing a detection signal strength
received for the at least one of the receivers and
determining a weighting for controlling or selecting
the at least one transmitter to send an optical signal
based wherein the weighting is based on detection
signal strength and/or a further position or orientation
signal.
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